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ABSTRACT 
 

A COMPARISON OF ELK AND MULE DEER DIETS AT LOS ALAMOS 

 NATIONAL LABORATORY IN NORTH-CENTRAL NEW MEXICO 

 

BY 

LEONARD FRANK SANDOVAL 

 

Master of Science 

New Mexico State University 

Las Cruces, New Mexico, 2003 

Dr. Jerry L. Holechek, Chair 

 
This study reports on the seasonal food habits and dietary overlap of Rocky 

Mountain elk (Cervus elapus nelsonii) and mule deer (Odocoileus hemionus) at Los 

Alamos National Laboratory (LANL) in north-central New Mexico.  Seasonal food 

habits of elk and mule deer were determined using microhistological analysis of fecal 

material.  Dietary overlap was calculated using Kulcyznski’s similarity index.  

Completely randomized analysis of variance was used to determine differences in 

forage consumption.  

Key forage species in the diets of elk and mule deer were those forage species 

contributing 5% or greater of the diet.  Key browse (trees/shrubs) species in the diets 

of mule deer included mountain mahogany, oak species, Russian olive, ponderosa  
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pine, and skunkbush sumac.  Key forb species were mullein and scarlet globemallow.  

Slender wheatgrass was the only grass species to contribute 5% of mule deer diets.   

Key browse species in the diets of elk were oak species, ponderosa pine, and 

mountain mahogany.  Mullein was the only key forb species.  Mutton grass and June 

grass were two key grass species.  Dietary overlap was highest between elk and mule 

deer during summers 1998 (71.5%) and 1999 (70.2%).  Browse and forb species 

contributed the highest percentages of dietary overlap during all seasons of the year 

except during winter 1999.  

Seasonal use of browse during the two-year study was greater for mule deer 

than elk (P< 0.05).  Compared to mule deer, use of grasses was greater for elk during 

each season (P< 0.05).  No difference in the overall seasonal use of forbs was 

observed (P> 0.05).  Summer was the season with the highest overall use of browse 

by elk and mule deer.  Overall use of grasses was also highest for elk and mule deer 

during winter.  When comparing year 1 and year 2 no differences were observed in 

the overall use of browse, forbs, and grasses (P> 0.05).   

 Drought during the two-year study may have contributed to the increased 

seasonal use of browse and exotic drought-resistant plant species by elk and mule 

deer.  Use of grass species by mule deer during winter may have resulted from below 

normal accumulation of snow and increased availability.  
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INTRODUCTION 

 Increased population size and expansion of elk (Cervus elaphus nelsonii) in 

New Mexico has aroused questions concerning the management of this species.  

Historically, two species of elk were native to New Mexico, the southern species  

or Merriam’s elk (Cervus elaphus merriami) and Rocky Mountain elk in the north  

(Lang 1958, Bryant and Maser 1982).  At the turn of the century, both the southern 

and northern elk in New Mexico were extirpated as a result of western expansion  

into the territory, commercial market hunting, and overgrazing by domestic livestock 

(Lang 1958, Bryant and Maser 1982).  Merriam elk were last reported in 1890 and 

were extirpated between 1902 and1906 (Bryant and Maser 1982).  Rocky Mountain 

elk were last reported in 1909 (Lang 1958, Bryant and Maser 1982) and were 

extirpated from the Jemez Mountains before 1904 (Allen 1996). 

Merriam elk was never reintroduced into New Mexico and is now extinct  

in North America (Bryant and Maser 1982).  The earliest reintroduction of Rocky 

Mountain elk into the state was around 1910 on the Barlett Ranch in Colfax County 

(Lang 1958, Bryant and Maser 1982).  Thirteen elk from Colorado in 1911 and 50 elk 

from Yellowstone National Park in Wyoming in 1914 were the first elk used during 

these early reintroduction efforts (Lang 1958, Bryant and Maser 1982).  Subsequent 

reintroductions of elk into the Santa Fe National Forest, GOS Ranch in Grant County, 

TO Ranch in Colfax County, and the Tusas Mountains of Rio Arriba County were 

made between 1915 and 1938 (Lang 1958).  Eleven shipments consisting of a total of 

2,008 elk were made between 1907 and 1967 (Lindzey et al. 1997). 
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In 1912, there were an estimated 60 elk in New Mexico.  By 1923, the 

northern herd numbered around 750 and by 1958 the state elk population was 

estimated at approximately 8,000 elk (Lang 1958, Bryant and Maser 1982).  By  

1976, there was an estimated 10,000 to 12,000 elk and, in 1992 around 40,000 

(Bryant and Maser 1982, Allen 1996).  Allen (1996) noted that if there were 11,000 

elk in New Mexico in 1976 and 40,000 in 1992, the annual growth rate of the elk  

herd in the state would be 8.4% and the annual doubling time for the period 1976-

1992 would be 8.6 years. 

In 1948 the New Mexico Department of Game and Fish (NMDGF) 

transplanted 28 elk from Yellowstone National Park into the Jemez Mountains (Lang 

1958, Allen 1996).  By 1961 there were at least 200 elk in the Jemez Mountains (as 

cited by Allen 1996).  Between 1964 and 1965 another 58 elk from Jackson Hole, 

Wyoming, were released into the southwest portion of Los Alamos County adjacent 

to Bandelier National Monument (BNM) (White 1981).   

The La Mesa fire in 1977 created 6,070 hectares of potential elk wintering 

range with 1,214 hectares of this wintering range on Los Alamos National Laboratory 

(LANL) (White 1981).  White (1981) predicted that use of this wintering habitat by 

elk would result in problems with overpopulation of elk herds.  By 1989, the number 

of elk in the Jemez Mountains was estimated between 6,000 and 8,000 (Allen 1996).  

Assuming that the elk herd grew from 28 in 1948 to an estimated 7,000 in 1992, the 

calculated annual growth rate of the elk herd in the Jemez Mountains would be 13.4% 

and the doubling time for the population would be 5.5 years (Allen 1996). 
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In 1989, wintering populations of elk on BNM, LANL, and adjacent Santa  

Fe National Forest lands were estimated to be between 1,000 to 2,000 (Allen 1996).  

Since 1990, annual helicopter counts suggest that at least 1,500 elk winter on BNM 

(Allen 1996).  Large numbers of elk also winter on LANL property and there is 

evidence of year-round use in all technical areas since the early 1990s (Gonzales et  

al. 1995).  

Also of growing concern in New Mexico and across the southwest is an 

increased interest in the decline of mule deer (Odocoileus hemionus) populations.  

During pre-Columbian times it was estimated that as much as 5 million mule and 

black-tailed deer (Odocoileus hemionus) occurred in the western United States 

(Lindzey et al. 1997).  Habitat destruction caused by human settlement, heavy 

grazing, droughts, severe blizzards, and conversion of habitat to agriculture led to 

widespread declines in mule deer populations, and, by the early 1900s, mule deer 

were considered scarce throughout much of the West (Lindzey et al. 1997).  

 From the 1920s until 1976, mule deer populations in the west tended to 

follow a pattern of gradual buildup of herds beginning in the 1920s, peaks in the late 

1940s to early 1960s (Lindzey et al. 1997), then a general decline during the 1960s, 

continuing to 1976 (Connolly 1981).  Lang (1957) noted that in 1926, deer in New 

Mexico numbered around 41,000 and that combined numbers of mule deer and white-

tailed deer (Odocoileus virginianus) in 1956 were around 300,000.  In New Mexico, 

mule deer populations declined approximately 32% between 1967 and 1975, 

dropping from about 405,000 to 276,000, with most of the decline occurring in  
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the northern part of the state (Connolly 1981, Short 1979, Synder 1976).  

Estimates on United State Forest Service (USFS) lands from 13 western states 

indicated that mule deer numbers increased from 1950 through 1962, remained near 

peak levels through 1965, declined slightly from 1966 through 1971, then dropped 

more rapidly after 1971 (Connolly 1981).  USFS totals for mule deer and black-tailed 

deer in 1976 show a 38% decrease from the peak in 1962 (Connolly 1981).  Estimates 

on USFS property in New Mexico for mule deer populations were 53,000 in 1950, 

peaked at 135,000 in 1965, then fell to 111,000 in 1976 (Connolly 1981). 

No accurate estimates of mule deer numbers currently exist for New Mexico 

and, according to the mule deer biologist for the state, mule deer numbers have been 

at a steady decline from peaks in the 1960s to an estimated 110,000 to 120,000 mule 

deer across the state (B. Hale, 2002 personal communication).  Noted causes of 

declines in mule deer numbers across New Mexico include increased fire suppression 

in the past 50 years, increased protection of mountain lions, less predator control, and 

the outlawed use of Compound 1080 (B. Hale, 2002 personal communication). 

   In Los Alamos County elk have become an important traffic hazard (Burns 

1992) with two-thirds of all elk-related accidents initially occurring in the fall and 

winter (Biggs et al. 2000, Gonzales et al. 1995).  The hazards of elk-related accidents 

in Los Alamos County are now present year-round and affect roads through low-

elevation woodlands (Gonzales et al. 1995).  There were at least 51 accidents between 

January 1990 and February 1995 involving elk (Gonzales et al. 1995).  In a memo  

to LANL, the Los Alamos Police Department identified elk and mule deer vehicle 
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 collisions as a major problem on county roads in Los Alamos (Biggs et al. 2000). 

Between 1990 and 1999 there were 107 elk-related and 125 mule deer-related 

accidents on LANL with most of these vehicle collisions occurring during late 

afternoon and evening hours (Biggs et al. 2000).  Elk and mule deer on LANL  

also pose a number of other concerns relating to property damage, radiological 

contamination, and habitat degradation. 

At LANL, studies have been conducted to determine the movement patterns 

of elk using VHF (very high frequency) and GPS (global positioning system) collars 

(White 1981, Biggs et al. 1999).  Estimates of the exact numbers of elk and mule deer 

on LANL property are currently nonexistent.  Also lacking on LANL property is 

information on the food habits of elk and mule deer.  An understanding of the 

seasonal diets of elk and mule deer on LANL is necessary for the management of 

these species. 

 According to Kufeld (1973) and Hunt (1979), knowledge and understanding 

of food habits are fundamental for the interpretation of an animal’s behavior, 

physiology, ecology, and morphology.  More importantly, they are essential in the 

management of large ungulates for evaluating diet quality, preference, and 

competition (Nelson and Leege 1982).  Knowledge of seasonal food habits is also the 

basis for understanding and evaluating range carrying capacity of large herbivores 

such as elk and mule deer (Leslie et al. 1984).  

Previous food habits studies of elk and mule deer in the area surrounding 

LANL include three studies conducted on Bandelier National Monument.   Potter and 
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 Berger (1977) documented competition between mule deer and burros.  A second  

study by Rowland et al. (1983) was conducted following the La Mesa fire of 1977  

to determine winter diets of elk.  Wolters (1993) quantified current vegetation 

composition, forage production, use, and preference of herbage by elk on a seasonal 

basis in two different habitat types.  

No further studies on the diets of elk or mule deer have been conducted on  

the Pajarito Plateau, including LANL.  Furthermore, no studies in the area have been 

conducted to simultaneously evaluate the diets of elk and mule deer.  Information on 

the food habits and dietary overlap between elk and mule deer for forage during 

different seasons of the year is of interest to LANL resource managers.  As part of 

this study, the seasonal diets of elk and mule deer were determined through 

microhistological analysis of fecal material.  Fecal analysis was chosen because it  

is inexpensive, practical, and accurate for evaluating diet composition of large 

herbivores (Anthony and Smith 1974, Gretchen and Dahl 1980, Sanders et al. 1980, 

Johnson and Person 1981, Kessler et al. 1981, Mohammad et al. 1995). 

The objectives of this study were to 1) determine the seasonal diets of elk and 

mule deer on LANL and 2) determine dietary overlap of elk and mule deer during 

different seasons of the year for two years. 
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STUDY AREA 
 

 The study area is located on LANL.  LANL is located in north-central New 

Mexico approximately 128 kilometers north of Albuquerque and 40 kilometers 

northwest of Santa Fe.  LANL covers approximately 69 square kilometers of land and 

is located on the Pajarito Plateau on the eastern flanks of the Jemez Mountains.  The 

easternmost extension of the Pajarito Plateau consists of several fingerlike mesas and 

canyons, which run along the plateau slope line and eventually are bounded to the 

east by the Rio Grande.  LANL is largely, but not completely, surrounded by Los 

Alamos County to the north, bordered to the south by Bandelier National Monument, 

USFS property to the west, and on the east by the Pueblo of San Ildefonso.  Two 

populated areas, Los Alamos town site and White Rock town site, are adjacent to 

LANL to the north and southeast (Figure A1). 

 LANL has a semiarid, temperate mountain climate (Bowen 1990).  Summer 

temperatures in the afternoons are usually between 21 to 27 degrees Celsius and 

occasionally reach 32 °C.  Nighttime temperatures drop to 10 °C even after the 

warmest days.  Winter temperatures typically range from -9 °C to -4 °C during the 

night and from -1 °C to 10 °C during the day.   

Typically, the greatest amount of rainfall is received during the warmest 

months of the year, usually from June to August.  In the study area, more than half of 

the annual precipitation is received between May and October, with 36% or more 

falling during the height of the monsoon season in July and August (Bowen 1990).  

The peak rainfall month is August with thundershowers developing over the Jemez 
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Mountains during the afternoons and early evenings and drifting out over the Pajaritio 

Plateau, causing brief, but intense rains.  Winter precipitation falls as snow, with 

accumulations of about 150 centimeters seasonally (Bowen 1990).  Average annual 

precipitation at Los Alamos town site, including rainfall and snowfall precipitation is 

48 centimeters.  Annual variations in precipitation levels for Los Alamos range from 

17 to 77 centimeters over a 71-year period (Bowen 1990).  Seasonal snowfall level 

extremes for the same time period ranged from 24 to 389 centimeters (Bowen 1990). 

 Temperatures in the study area for 1998 were above average for May, June, 

September, November, and December.  All other months of the year were at or below 

average temperatures.  Total monthly precipitation in the study area for 1998 was 

above average for March, July, and October with all other months of the year having 

below average precipitation.  Total monthly snowfall in the study area for 1998 was 

below average.  Total annual precipitation in the study area for 1998 was 44 

centimeters and total annual snowfall was 29 centimeters (LANL 2001).  

 Temperatures in the study area for 1999 were above average for January, 

February, March, September, October, and November.  All other months of the year 

were at or below average temperatures.  Total monthly precipitation in the study area 

for 1999 was above average for March, April, May, June, and September with all 

other months of the year having below average precipitation.  Total monthly snowfall 

in the study area for 1999 was above average for March and April with all other 

months of the year having below normal snowfall.  Total annual precipitation in the 

study area for 1999 was 41 centimeters, and total annual snowfall was 73 centimeters  

(LANL 2001). 
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Spring temperatures in the study area for 2000 were above average.  Total 

monthly precipitation in the study area for spring 2000 was below average.  Total 

annual precipitation in the study area for 2000 was 35 centimeters, and total annual 

snowfall was 71 centimeters (LANL 2001). 

The elevation range of the study area is approximately 1,981 to 2,286 meters.  

The lowest elevation range extends just to the northeast edge of White Rock town site 

along Pajarito Road and the higher elevation range extends just to the southwest 

boundary of LANL along Highway 501 (Figure A1).  

Piñon-juniper (Pinus edulis-Juniperus monosperma) woodlands are the 

dominant vegetation between 1,767 and 2,134 meters (Tierney and Foxx 1980, Balice 

et al. 1997) (Figure A2).  Piñon-juniper woodlands range from open to closed canopy 

communities (Tierney and Foxx 1984) and can be found as high as 2,194 meters on 

south-facing slopes (Balice et al. 1997).  The dominant tree species are one-seed 

juniper and piñon pine, one-seed juniper being dominant at lower elevations, and 

piñon pine dominant at higher elevations (Balice et al. 1997).  On mesa tops where 

one-seed juniper is the dominant tree species, tree density is 33 to 176 trees/hectare 

(Foxx 1996).  Piñon pine tree density on these mesa tops is 4 to 95 trees/hectare 

(Foxx 1996).  Other tree species are absent or rare.  The most common shrubs are 

oaks (Quercus gambelii and Quercus undulata), mountain mahogany (Cercocarpus 

montanus), wormwood (Artemesia ludoviciana), skunkbush sumac (Rhus trilobata), 

and wax currant (Ribes cereum); Tierney and Foxx (1982).  Common grasses are blue 

grama (Bouteloua gracilis), needle and thread grass (Stipa comata), galleta (Hilaria 
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 jamesii), ring muhly (Mulenburgia torreyi), and mountain muhly (Mulenbergia 

montana); Tierney and Foxx (1982), Balice et al. (1997).  Common forbs include 

bitterweed (Hymonoxys argentea), white ragweed (Hymenopappus filfolius), and 

leafy golden aster (Chrysopis villosa) (Tierney and Foxx 1982). 

Ponderosa pine (Pinus ponserosa) forests extend from 1,890 to 2,377 meters  

and occupy the western one-third of LANL (Tierney and Foxx 1982, Balice et al. 

1997) (Figure A2).  Ponderosa pine is the dominant tree species and range from 

doghair thickets to open stands.  Ponderosa pine tree density in canyon bottoms 

within the study area varies between 87 to 103 trees/hectare (Biggs 1996, Raymer 

1996).  One-seed juniper and piñon pine can be present at lower elevations, but other 

tree species are typically absent or rare (Balice et al. 1997).  The understory is 

composed mostly of grasses and sedges, such as mountain muhly, little bluestem 

(Schyzachyrium scoparium), pine dropseed (Blepharneuron tricolepis), wild 

mountain sedge (Carex geophila), and wheatgrass species (Agropyron species); 

Tierney and Foxx (1982), Balice et al. (1997).  Gambel’s oak (Quercus gambelii), 

bearberry (Arctostaphylos uva-ursi), and Colorado barberry (Berberis fendleri) are 

the three most common shrubs.  Common forbs include pussytoes (Antennaria 

parvifolia) and Fremont’s goosefoot (Chenopodium fremontii). 

Past disturbance in the study area and Pajarito Plateau included grazing by 

sheep, cattle, goats, and horses from as early as the 16th century until the mid-1940s 

(Tierney and Foxx 1982).  Agriculture in the higher regions of the Pajarito Plateau 

began in the late 1800s and continued until the mid-1940s when the federal 
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government appropriated homesteads in the area.  The Pajarito Plateau has also been 

subjected to heavy logging from near the turn of the century until the mid-1940s 

(Tierney and Foxx 1982).  The area that is now LANL has not been exposed to 

hunting since the mid-1940s as well.  Selection of the site for the then secret 

Manhattan Project in 1942 influenced land use on the Pajarito Plateau by clearing 

land for utilities, homes, buildings, roads, parking lots, and what is today known as 

LANL (Tierney and Foxx 1982).  

The last major fire in the 19th century on the Pajarito Plateau was in 1893 

(Foxx 2000).  Fire suppression on the Pajarito Plateau led to several large fires.  The 

first large-scale fire of the 20th century was the La Mesa fire of 1977, followed by the 

Dome fire of 1996, the Oso fire of 1998, and the Cerro Grande fire of 2000.  The La 

Mesa fire of 1977 burned 5,036 hectares of land on Bandelier National Monument 

and 1,214 hectares on LANL (White 1981, Foxx 2000).  The Dome fire of 1996 

burned 6,475 hectares of land on the Pajarito Plateau and the Oso fire of 1998 another 

2,023 hectares (Foxx 2000).  The Cerro Grande fire of 2000 burned roughly 17,462 

hectares of land on the Pajarito Plateau with approximately 3,096 hectares within the 

boundaries of LANL (Foxx 2000).  In the past 25 years over 32,375 hectares of 

forested land has been burned by wildfires on the Pajarito Plateau and east Jemez 

Mountains. 
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MATERIALS AND METHODS 
 

Field Techniques 
 

Establishment of Pellet Plots 
 
 Movement and distribution data collected from radio-collared elk captured  

on LANL between 1996 and 1998 (Biggs et al. 1999) were used to help determine 

locations for the placement of pellet plots.  No radio-collar data exist on the 

movements and distribution of mule deer within the study area.  Mesa tops and 

canyon bottoms in areas identified as having use by elk and mule deer during at  

least part of the year were selected for establishment of permanent pellet plots.   

Elk and mule deer use within the study area was determined by the presence 

of old tree rubs, game trails, bedding areas, tracks, pellets, and previous browsing on 

shrub species.  During summer 1998, thirteen permanent pellet plots were randomly 

placed on mesa tops and in canyon bottoms dominated by piñon-juniper or ponderosa 

pine (Figure A3).  Pellet plots were 20 m by 20 m and marked at each corner with a 

permanent metal rebar stake.  Twenty-meter by 20 m pellet plots were used because a 

previous study conducted on LANL showed no significant differences in the number 

of pellet samples collected for elk and mule deer comparing circular plots to pellet 

plots (Unpublished data).  

Collection of Pellet Samples 

Pellet samples were collected four times each year.  Seasons were designated 

as: Summer (June 16th thru Sept. 15th), Fall (Sept. 16th thru Dec. 15th), Winter (Dec. 

16th thru March 15th), and Spring (March 16th thru June 15th).  At the beginning of 
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each season, the 13 pellet plots were cleared of any existing fecal material by 

crushing it into the ground with the bottom of your boot.  This was done to avoid  

re-sampling the same pellets the following season.  

Collection of pellet samples was initiated during summer 1998 and completed 

during spring 2000.  Pellets were collected in the middle and end of each season.  

Color and moisture of pellets were used to estimate age of the pellet groups so that 

only pellet groups of that season would be collected (Freddy 1983).  By collecting 

pellet samples in the middle and end of each season, and taking color and moisture 

content of the pellets into consideration, collected pellet samples were considered 

representative of that season.  Collecting pellets towards the middle or end of a 

season also ensured that plant material in the feces was representative of that season. 

During the collection of pellet samples, size and shape of pellets were used to 

differentiate between the pellets of elk and mule deer (Bubenik 1982).  For each 

collection period at least five pellets from every pellet group encountered were 

collected and placed in labeled paper bags.  After each collection period, all 

remaining pellets were crushed into the ground.  This helped ensure that the same 

pellets would not be collected twice per season.  If no pellet samples were found 

within the plot, a systematic search immediately surrounding the plot was conducted 

and pellets from all fresh pellet groups were collected.  All remaining pellets from 

these collections were crushed to avoid double sampling in subsequent collection 

efforts. 
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The objective was to collect five pellets from at least five pellet groups per  

season for both elk and mule deer at each of the 13 pellet plots.  Total pellet samples 

collected during each sampling period were much lower than expected, especially for 

mule deer.  Because not all pellet plots met the above criteria for each season, pellet 

samples of elk from three pellet plots per season were combined individually and 

used as three samples for that season (Holechek 1999, personal communication).  

Pellet plots with three or more pellet groups per season were selected for fecal 

analysis of elk diets (Tables B1 & B2).  

Mule deer on the other hand did not have three pellet plots per season for all 

seasons of the year with three or more pellet groups.  Therefore, pellet samples of 

mule deer from those seasons with two pellet plots and at least two pellet groups per 

season would be combined individually and used as two samples for those seasons 

(Holechek 1999, personal communication).  Pellet samples of mule deer from those 

seasons of the year with three pellet plots and three or more pellet groups per season 

were also combined individually and used as three samples for those seasons.  Pellet 

plots meeting the above criteria were selected for fecal analysis of mule deer diets 

(Tables B1 & B2). 

Collection of Reference Plants 

 Collection of reference plants was also initiated during summer 1998 and 

continued through the duration of the food habits analysis of elk and mule deer diets.  

The leaves, twigs, flowers, and fruits of actively growing shrubs and whole shoots or 

parts of forbs and grasses reported in previous studies as constituting the diets of elk 
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and mule deer (Lang 1957, Lang 1958, Kufeld 1973, Kufeld et al. 1973, Potter and 

Berger 1977, Short et al. 1977, Wallmo and Regelin 1981, Nelson and Leege 1982, 

Rowland et al. 1983, Wolters 1993, Joseph 1995) were reference plant species 

collected.  Plant species commonly encountered within each of the pellet plots and 

other plant species encountered during each season were also collected. 

 Plants that were unidentifiable at the time of vegetation sampling were 

collected, labeled, and identified by comparing with specimens in the Ecology 

Group’s herbarium at LANL.  Sufficient quantities of each plant species were 

collected for making reference slides for microhistological analysis (Holechek 1982, 

Mower and Smith 1989).  Plants were also identified by referencing Foxx and Hoard 

(1984), DeWitt Ivey (1995), Foxx and Hoard (1995), Stubbendieck et al. (1997), 

Carter (1997), and Racinez and Foxx (1999).  

Laboratory Techniques 

Sample Processing 

Pellet samples collected from two or more pellet plots that had at least two or 

more pellet groups each season for both elk and mule deer were dried in drying ovens 

at 60 °C for 24 hours and then ground to pass through a 1 mm screen using a Wiley-

mill grinder (Todd and Hansen 1973, Gretchen and Dahl 1980) in the Ecology 

Group’s food contaminants laboratory at LANL.  Ground pellet samples were stored 

in labeled zip-lock bags until they were needed for slide preparation.  All collected 

reference plant samples were also oven-dried at 60 °C for 24 hours and ground to 

pass through a 1-mm screen using a micro-mill grinder.  Ground plant samples 
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were stored in labeled plastic vials until needed for slide preparation. 

Preparation and Storage of Mounting Medium 
 

Preparation of mounting medium followed the procedure outlined by Joseph 

(1995) and Mangold (1997).  Aqueous Kaiser glycerine jelly was prepared using 8 g 

of gelatin soaked in 52 ml of water for 1 to 2 hours in a polyethylene plastic container 

followed by the addition of 50 ml of glycerine and 0.01g of Thimerosal preservative.  

The mixture was heated in a water bath at 65 to 75 °C for 10 to 15 minutes and stirred 

until a homogeneous jelly was formed.  The homogeneous jelly was stored in a 

refrigerator.  

Slide Preparation 

 Preparation of reference slides from ground plant material and slides from 

ground pellet samples were prepared using the method developed by Sparks and 

Malechek (1968) as modified by Holechek (1982) and Alipayo et al. (1992).  

Mounting of slides was done with the use of Kaiser glycerine jelly and based on  

the procedure described by Joseph (1995). 

 One to two spatulas of ground plant material or ground pellet sample were 

soaked in 30 ml of boiling water for 10 minutes.  Following soaking, the ground 

material was placed in a No.120-size mess sieve and rinsed with hot tap water for 3 to 

5 minutes to remove dirt and fine plant particles.  After rinsing, the ground material 

was soaked in 20 ml of bleach for 5 minutes to remove plant pigments and stains.  

The ground material was then re-rinsed in the sieve with hot tap water until the odor 

of bleach disappeared.  Excess water from the ground material was then removed by 
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gathering it in a lump on the sieve and squeezing water from it by firmly pressing 

with the back of a spatula.  A small amount of the ground material was removed from 

the sieve and packed with the plastic end of a teasing needle into the 5 ml wide hole 

of a lead slab pre-positioned on a clean microscope slide.  This ensured that equal 

amounts of the ground material would be used in the preparation of all slides.  Excess 

water from the sample of ground material in the 5 ml hole was removed with a paper 

towel to help avoid formation of air bubbles between the microscope slide and glass 

cover slip. 

 The sample of ground material was then placed in the center of a clean 

microscope slide by pushing it through the hole on the lead slab with a teasing needle.  

A glass eyedropper was used to add 14 drops of Kaiser glycerine jelly to the sample 

on the slide.  The Kaiser glycerine jelly had to be heated until the jelly became an 

aqueous solution.  The aqueous solution thickens rapidly on exposure and therefore 

was kept in a warm water bath to remain aqueous.  Once the mounting jelly was 

applied onto the slide the sample was mixed quickly with a teasing needle until 

fragments in the sample were uniformly distributed.  The mixture was rapidly and 

evenly spread with the teasing needle across the slide to cover an area the size of a  

22 by 44-mm glass cover slip.  A cover slip was then lowered at an angle over the 

mixture and dropped onto the slide.  Three reference slides were mounted for each 

plant species collected and five slides for every combined sample per season of 

pellets collected at two or three pellet plots. 
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Slides were stored in slide holders so that they remained level until the 

mounting jelly dried.  After the mounting jelly dried, the cover slip was sealed with  

a thin layer of clear nail polish and allowed to dry for 24 hours.  This prevented air 

from getting underneath the cover slip and extended the life of the slide.  

Fecal Analysis 

 The seasonal diets of elk and mule deer were determined using 

microhistological analysis of feces (Dearden et al. 1975, Alipayo et al. 1992).  A total 

of 235 slides were analyzed (5 slides/pellet-plot × 2 to 3 pellet-plots/species × 2 

species of ungulates × 8 seasons).  Fifteen slides per season for each ungulate species, 

with the exception of only 10 slides for mule deer during spring 1999, were analyzed 

by systematically viewing 20 fields at 100 to 200X magnification for each slide (for a 

total of 100 fields per sample) under a compound phase-contrast binocular 

microscope (Sparks and Malachek 1968, Todd and Hansen 1973, Gretchen and Dahl 

1980).  Frequency for each set of five slides was determined using the frequency 

addition method developed by Holechek and Gross (1982a). 

 Diagnostic characteristics for identification of plant species in the diets of elk 

and mule deer included observing differences in the configuration of the cell wall, 

size and shape of the stoma and its subsidiary cells, presence or absence of trichomes, 

and, in grass species, presence of cork and silica cells (Martin 1954, Sparks and 

Malachek 1968, Hansen et al. 1971, Potter 1977, Howard and Samuel 1979, Gretchen 

and Dahl 1980, Green et al. 1985).  Trichomes were an outstanding character by 

which forbs were identified under the microscope because they exhibit distinctive  
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shapes, are not easily digested, and are either unicellular or multicellular (Gretchen 

and Dahl 1980).  In woody species trichomes are generally unicellular, with Quercus 

species being the exception.  Both Gambel’s and wavyleaf oak were present on the 

study area, but could not be discerned separately by epidermal characteristics.  All 

structures on the microscope slide were required to be attached to epidermal cells in 

order to be counted to prevent over-or underestimation of some species.  Fragments in 

all slides were identified to species, genus, or lifeform. 

 The observer was trained using the method described by Holechek and Gross 

(1982b).  Observer accuracy was tested using hand-compounded diets (Holechek et 

al. 1982).  Observer accuracy was estimated at 90% for plant identification and 

qualification.   Percent composition (frequency of occurrence) was determined for 

each plant species using the formula: PC = A × 100/B, where A is the occurrence of 

each plant species and B is the occurrence of all plant species in the diet (Sparks and 

Malachek 1968, Alipayo et al. 1992).  For the purpose of this study, the percent 

composition of each set of five slides (fifteen slides per season) was calculated as 

described in the previous sentence and then averaged to determine the percent 

botanical composition in each of the diets.  Plant species were divided into forage 

classes of grasses, forbs, and browse, with tree and shrub species classified as browse.  

 Dietary overlap of seasonal diets between elk and mule deer was calculated 

using Kulcyznski’s similarity index (Oosting 1956, Hubbard and Hansen 1976, 

Hansen and Clark 1977, Kingery et al. 1996).  Kulcyznski’s similarity index has been 

used almost exclusively for quantitative evaluation of similarity and overlap of range 
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herbivore diets (Holechek et al. 1984).  The formula used to determine dietary 

overlap was: S = (2)(W)(100)/ (A + B), where S represents the similarity in diets,  

W represents the sum of the quantity of each plant species that the two diets have in 

common, A represents the total quantity or number of all species in diet (a) and B 

represents the total quantity of all species in diet (b) (Holechek et al. 1984).  Diet (a) 

represented the diets of elk and diet (b) represented the diets of mule deer for each 

season.  Seasonal dietary overlap was computed for paired animal species/plant 

species combinations over all seasons.  For the purpose of this study, the similarity 

index represented the percentages of two diets that were identical for each season.  

Statistical Analysis 

 Statistical analysis was conducted at New Mexico State University (NMSU) 

through the Agricultural Biometric Service.  The model involved using SAS (SAS 

Institute Inc. 1999) to conduct a completely randomized analysis of variance to 

determine differences in forage consumption between elk and mule deer diets and 

included species, year, and seasonal comparisons as well as within species and within 

season comparisons. 

 First, a review of the forage species found in both diets was conducted to 

determine which of these forage species were common use species in elk and mule 

deer diets.  Based on the review, common browse included one-seed juniper, oak 

species, mountain mahogany, Apache plume (Fallugia paradoxa), skunkbush sumac, 

and ponderosa pine.  Common forbs in both diets included mullein (Verbascum 

thapsus), annual sunflower (Helianthus annuus), scarlet globemallow (Sphaeralcea 



21 

 coccinea), and purple prairie clover (Petalostemum purpureum).  Two common grass 

species in both diets were slender wheatgrass (Agropyron trachycaulum) and orchard 

grass (Dactylis glomerata).  Common forage species were analyzed to determine 

differences in the consumption of these forage species between elk and mule deer 

diets as well as to assess seasonal and year effects.  Totals of the three forage classes 

were also analyzed to determine seasonal differences in forage consumption between 

elk and mule deer diets. 

 Means were obtained for elk and mule deer diets by individually pooling 

across seasons and years to describe a species effect during the two-year study.  

Cover data, also part of the species effect, was pooled from previous surveys 

conducted at eight locations within the study area and used to show percent cover of 

primary forage species (Biggs 1996, Foxx 1996, Raymer 1996, Salisbury 1995).  

Percent cover of browse was collected using the line intercept method along 100 ft 

line transects.  Percent cover of forbs and grasses was collected along the same line 

transect at every 10 ft using a 20 X 50 cm daubenmire to visually estimate cover.  To 

show a year effect, diets of elk and mule deer were pooled across animal species and 

seasons.  Pooling elk and mule deer diets across animal species and years was done to 

show a season effect.  Diets of elk and mule deer were also individually pooled across 

years to show a species X season effect.  Pre-planned comparisons with the species X 

season effect involved conducting within species comparisons of elk and mule deer 

diets.  Within season comparisons of elk and mule deer diets were also conducted 

with the species X season effect. 
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RESULTS AND DISCUSSION 

 
Species Effect 

 
 The seasonal diets of mule deer on LANL during the two-year study period 

included 12 browse, 10 forbs, and 4 grasses.  Seasonal diets of elk on LANL during 

the two-year study period consisted of 14 browse, 12 forbs, and 14 grass or grasslike 

plants.  Key forage species in the diets of elk and mule deer were those forage species 

contributing 5% or greater of the diet.  Key browse species in the diets of mule deer 

consisted of mountain mahogany, oak species, Russian olive (Elaeagnus 

angustifolia), ponderosa pine, and skunkbush sumac in the order from highest to 

lowest contribution to the diet (Table 1).  Elk key browse species included oak 

species, ponderosa pine, and mountain mahogany also in order from highest to lowest 

contribution to the diet (Table 1).  Oak species, mountain mahogany, and Russian 

olive use by elk and mule deer within the study area met or exceeded the percent 

cover of these browse species (Table 1).  Use of skunkbush sumac by mule deer also 

exceeded percent cover.   

Mullein was the only key forb species in the diets of elk.  While key forb 

species in the diets of mule deer were mullein and scarlet globemallow.  Use of 

mullein and scarlet globemallow by elk and mule deer within the study area exceeded 

percent cover of these forb species (Table 1).  Mutton grass (Poa fendleriana) and 

June grass (Koelaria macrantha) were two key grass species in the diets of elk and 

use of these grasses by elk exceeded percent cover.  Blue grama grass made up 10% 

of the available grass species yet only traces of this grass were found in the diets of 
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Table 1. Percent cover of the primary forage species and there mean percent  
contribution to elk and mule deer diets.  
Li fe form /spe ci e s P ercen t  C over Elk  M ule D eer 
O ne-seed Junip er (Juniperus  m onosperm a) 8.3% 1.5% 4.2%
O ak sp ecies  (Q uercus  sp ecies ) 11.5% 11% 13.2%
M ountain  M ahogany  (C ercocarpus  m ontanus) 4.1% 5.2% 16.1%
A p ache p lum e (Fallugia paradoxa) 3.2% 3.1% 3.2%
R uss ian olive (Elaeagnus  angus tifo lia ) 1.4% 3.8% 11.5%
Skunkbush  sum ac (Rhus tr ilobata) 3.2% 1.7% 6.3%
P inon p ine (Pinus  edulis ) 11% T 2.4%
F ourw ing salt bush  (Atr iplex canescens ) T T T
B uckbrush (C eanothus  fendler ii) 0% 0% T
C oy ote w illow  (Sa lix exigua) 5% 2.3% 0%
D ouglas  fir (Pseudotsuga  m enzies ii) 0% 1.3% 1%
P onderosa p ine (Pinus  ponderosa) 15% 9.4% 8.7%
R ubber rabbitbrush (C hryso tham nus  nauseosus) 2% T T
B ig sagebrush  (Artem is ia  tr identata) 3% 1.9% 0%
N arrow leaf y ucca (Yucca angus tis s im a) T 1% 0%
T otal  B rowse 68% 44% 67%
M ullein  (Verbascum  thapsus ) T 9.2% 6.8%
A nnual sunflow er (H elianthus  annuus ) 0% 1.9% 2.1%
Scarlet  globem allow  (Spaeralcea  coccinea) 0% 4.4% 6%
W hit e sw eet  clover (M elilotus  albus) T 1.3% 1.9%
D eer vet ch (L otus  w r ightii) 0% 1.1% 1.5%
A ster sp ecies  (As ter  sp ecies ) 1.4% T T
P urp le p rairie clover (Peta los tem um  purpureum ) 0% 2% 4%
G oldenrod sp ecies  (Solidago  sp ecies ) 0% T 0%
F ringed sagebrush (Ar tem is ia  fr igida) 0% 1.5% 1%
F leabane sp ecies  (Erigeron  sp ecies ) T T 2%
T ansy  m us t ard  (D escura in ia  r ichardsonii) 0% T 0%
B ladderp od sp ecies  (L esquerella  sp ecies ) 0% 0% 1%
U nid F orb  sp ecies 0% 2% 1.5%
T otal  Forbs 3% 25% 28%
C anary reed  gras s  (Phalar is  arund inacea) 0% 3.8% 0%
C heat  gras s  (Brom us  tectorum ) T T 0%
June grass  (K oelar ia  m acrantha ) T 6 .2% 0%
Longs ty le rush (Juncus  longys tylus ) 0% 1.5% 0%
C arex sp ecies  (C arex sp ecies ) 8.3% T 0%
Slender w heatgras s  (Agropyron trachycaulum ) T 4% 2.2%
M ut ton grass  (Poa  fend ler iana) 5.9% 7% 0%
F escue sp ecies  (Fes tuca sp ecies ) 0% 4.6% 0%
B lue gram a gras s  (Bouteloua  gracilis ) 10% T T
Sm ooth  b rom e (Brom us inerm is ) 1.3% 1.4% T
Lit t le blues t em  (Sch izachyrium  scopar ium ) 2.7% T 0%
F lat sedge sp ecies  (C yperus  sp ecies ) 0% T 0%
F oxtail barley  (H ordeum  jubatum ) T T 0%
O rchard  gras s  (D actylis  g lom era ta ) 0% 2.8% 1.5%
T otal  G rasse s 29% 31% 5%  
Cover data were pooled from previous surveys conducted at 8 locations within the study area  
(Biggs 1996, Foxx 1996, Raymer 1996, and Salisbury 1995). 
Diets were pooled across seasons and years. 
T = Trace. 
 
elk (Table 1).  When pooled across seasons and years, no single grass species 

contributed 5% or greater of mule deer diets.  Slender wheatgrass was the only grass 
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in the diets of mule deer contributing greater than 2% of the diet (Table 1).  Forage 

species contributing less than 1% of the diet were considered traces. 

Overall use of browse was significantly greater for mule deer than elk  

(P< 0.05) (Tables 1, C1, & C5).  Differences were observed (P< 0.05) in the use of  

one-seed juniper, mountain mahogany, Russian olive, and skunkbush sumac between  

elk and mule deer diets, with mule deer having the highest overall use of these browse 

species.  Common use of oak species and ponderosa pine by elk and mule deer 

revealed no differences (P> 0.05).  No differences were observed in the overall use of 

forbs (P> 0.05).  Overall use of grasses by elk was significantly greater than mule deer 

(P< 0.05).  

Year Effect 

 When pooled across animal species and seasons the combined diets of elk  

and mule deer on LANL showed no significant increases in the overall use of browse, 

forbs, and grasses between both years (P> 0.05) (Tables 2, C1, & C6).  Skunkbush 

sumac and scarlet globemallow were the only two forage species with an increase in 

use (P< 0.05) from year 1 to year 2 (Tables 2, C1, & C6).  

Season Effect 
 
 When pooled across animal species and years the combined diets of elk and 

mule deer on LANL revealed that summer was the season of highest overall browse 

use (Table 3).  There was a decline in the overall use of browse between summer and 

fall (P< 0.05) (Tables 3, C1, & C7).  
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         Table 2. Mean percent contribution of the primary forage  
         species comparing year 1 and year 2. 

L i f e f o r m /s p e c i e s Y e a r  1 Y e a r  2
B r o w s e
O n e - s e e d  J u n ip e r  ( J u n ip e r u s  m o n o s p e r m a ) 3 % 2 .9 %
O a k  s p e c ie s  ( Q u e r c u s  s p e c ie s ) 1 0 .6 % 1 3 .1 %
M o u n t a in  M a h o ga n y  ( C e r c o c a r p u s  m o n ta n u s ) 8 .5 % 1 2 .8 %
A p a c h e  p lu m e  ( F a llu g ia  p a r a d o x a ) 4 .3 % 1 .9 %
R u s s ia n  o liv e  ( E la e a g n u s  a n g u s tifo lia ) 6 .6 % 8 .7 %
S k u n k b u s h  s u m a c  ( R h u s  tr ilo b a ta ) 2 .2 % 5 .8 %
B u c k b r u s h  ( C e a n o th u s  fe n d le r ii) T 0 %
P in o n  p in e  ( P in u s  e d u lis ) 2 .4 % T
C o y o t e  w illo w  ( S a lix  e x ig u a ) 1 .1 % 1 .1 %
D o u gla s  f ir  ( P s e u d o ts u g a  m e n z ie s ii)  1 .3 % 1 %
N a r r o w le a f  y u c c a  ( Y u c c a  a n g u s tis s im a ) T T
P o n d e r o s a  p in e  ( P in u s  p o n d e r o s a ) 9 .3 % 8 .9 %
F o u r w in g s a lt b u s h  ( A tr ip le x  c a n e s c e n s ) 1 .3 % 1 .8 %
R u b b e r  r a b b it b r u s h  ( C h r y s o th a m n u s  n a u s e o s u s ) 0 % 1 .4 %
B ig s a ge b r u s h  ( A r te m is ia  tr id e n ta ta ) 1 .9 % 0 %
T o t a l 5 3 % 5 9 %
F o r b s
M u lle in  ( V e r b a s c u m  th a p s u s ) 7 .7 % 8 .3 %
A n n u a l s u n f lo w e r  ( H e lia n th u s  a n n u u s ) 2 .4 % 1 .6 %
W h it e  s w e e t  c lo v e r  ( M e lilo tu s  a lb u s ) 2 % 1 .2 %
D e e r  v e t c h  ( L o tu s  w r ig h tii) 2 % T
A s t e r  s p e c ie s  ( A s te r  s p e c ie s ) T 0 %
S c a r le t  glo b e m a llo w  ( S p a e r a lc e a  c o c c in e a )  2 .5 % 8 %
P u r p le  p r a ir ie  c lo v e r  ( P e ta lo s te m u m  p u r p u r e u m ) 3 .3 % 2 .5 %
G o ld e n r o d  s p e c ie s  ( S o lid a g o  s p e c ie s ) T 0 %
F r in ge d  s a ge b r u s h  ( A r te m is ia  fr ig id a ) 2 .5 % T
F le a b a n e  s p e c ie s  ( E r ig e r o n  s p e c ie s ) 1 .9 % T
T a n s y  m u s t a r d  ( D e s c u r a in ia  r ic h a r d s o n ii) T 0 %
B la d d e r p o d  s p e c ie s  ( L e s q u e r e lla  s p e c ie s ) T T
U n id  F o r b  s p e c ie s 1 .1 % 2 %
T o t a l 2 8 % 2 4 %
G r a s s e s
M u t t o n  gr a s s  ( P o a  fe n d le r ia n a ) 4 % 2 .6 %
C a n a r y r e e d  gr a s s  ( P h a la r is  a r u n d in a c e a ) 1 .6 % 2 .2 %
J u n e  gr a s s  ( K o e la r ia  m a c r a n th a ) 2 % 3 .3 %
F e s c u e  s p e c ie s  ( F e s tu c a  s p e c ie s ) 2 .8 % 1 .7 %
C a r e x s p e c ie s  ( C a r e x  s p e c ie s ) T 0 %
S le n d e r  w h e a t gr a s s  ( A g r o p y r o n  tr a c h y c a u lu m ) 2 .7 % 3 %
L o n gs t y le  r u s h  ( J u n c u s  lo n g y s ty lu s ) T 1 %
C h e a t  gr a s s  ( B r o m u s  te c to r u m ) T 0 %
S m o o t h  b r o m e  ( B r o m u s  in e r m is ) T 1 .4 %
B lu e  gr a m a  gr a s s  ( B o u te lo u a  g r a c ilis ) T T
O r c h a r d  gr a s s  ( D a c ty lis  g lo m e r a ta ) 3 % 1 .5 %
F la t s e d ge  s p e c ie s  ( C y p e r u s  s p e c ie s ) T 0 %
L it t le  b lu e s t e m  ( S c h iz a c h y r iu m  s c o p a r iu m ) T T
F o xt a il b a r le y  ( H o r d e u m  ju b a tu m ) T 0 %
T o t a l 1 9 % 1 7 %
T O T A L 1 0 0 % 1 0 0 %  
Diets were pooled across animal species and seasons. 
T = Trace. 
 

 No differences were observed between summer and fall use of one-seed 

juniper, oak species, mountain mahogany, Apache plume, and ponderosa pine  

(P> 0.05).  Skunkbush sumac was the only browse species to decline between  

summer and fall (P< 0.05).  Summer and fall were the two seasons with the highest  
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use of oak species and mountain mahogany.  Between fall and winter, use of oak 

species declined (P< 0.05) and Apache plume and ponderosa pine use increased  

(P< 0.05).  No differences were observed between the fall and winter use of one-seed 

juniper (P> 0.05) and the observed declines in mountain mahogany and Russian olive 

use were not significant (P> 0.05).  Winter and spring use of one-seed juniper, oak 

species, mountain mahogany, Apache plume, and ponderosa pine were not 

significantly different (P> 0.05).  Skunkbush sumac was the only browse species to 

decline (P< 0.05) between winter and spring.  Winter and spring were the two seasons 

with the highest use of ponderosa pine.  Use of big sagebrush (Artemisia tridentata) 

was only recorded during spring. 

 Overall seasonal use of forbs was not significantly different (P> 0.05) (Tables 

3, C1 & C7).  Use of mullein increased (P< 0.05) between summer and fall and fall 

and winter, with a decrease in use between winter and spring (P< 0.05).  Mullein use 

was highest during the winter season.  Scarlet globemallow use declined (P< 0.05) 

between fall and winter, and although there was an increase in use between winter 

and spring, the increase was not significant (P> 0.05).  Use of purple prairie clover 

increased between fall and winter (P< 0.05) and, although there was a decline in use 

between winter and spring, the decline was not significant (P> 0.05).   

Overall seasonal use of grasses was not significantly different (P> 

0.05)(Tables 3, C1 & C7).  There were also no differences in the seasonal use of 

slender wheatgrass and orchard grass (P> 0.05).  Use of slender wheatgrass was 

highest during the winter season. 
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Table 3. Mean percent contribution of the primary forage species comparing 
seasons of the year. 
L i f e f o r m /s p e c i e s S u m m e r  F a l l  W i n t e r  S p r i n g  
B r o w s e
O n e- s e e d  J u n ip e r  ( J u n ip e r u s  m o n o s p e r m a ) 1 .4 % 2 % 2 .7 % 5 .3 %
O a k  s p e c ie s  ( Q u e r c u s  s p ec ie s ) 1 5 % 1 7 % 6 .4 % 9 %
M o u n t a in  M ah o ga n y  ( C e r c o c a r p u s  m o n ta n u s ) 1 8 % 1 3 % 7 .3 % 4 .4 %
A p a c h e  p lu m e  ( F a llu g ia  p a r a d o x a ) 3 % T 6 .6 % 2 %
R u s s ian  o liv e  ( E la ea g n u s  a n g u s tifo lia ) 1 0 % 9 % 3 .3 % 8 .3 %
S k u n k b u s h  s u m a c  ( R h u s  tr ilo b a ta ) 1 0 % 2 % 3 .7 % 0 %
B u c k b r u s h  ( C e a n o th u s  fe n d le r ii) 0 % 0 % 0 % T
P in o n  p in e  ( P in u s  e d u lis ) 0 % T 0 % 5 %
C o y o t e  w illo w  ( S a lix  e x ig u a ) 4 % 0 % 0 % 0 %
D o u gla s  f ir  ( P s e u d o ts u g a  m e n z ie s ii)  2 % 0 % 0 % 2 %
N a r r o w le a f  y u c ca  ( Y u c c a  a n g u s tis s im a ) T T 1 .1 % T
P o n d e r o s a  p in e  ( P in u s  p o n d er o s a ) 3 % 5 % 1 3 .4 % 1 5 %
F o u r w in g s a lt b u s h  ( A tr ip lex  c a n e s c e n s ) T 4 % 0 % 0 %
R u b b e r  r a b b it b r u s h  ( C h r y s o th a m n u s  n a u s e o s u s ) 0 % 1 % 1 .5 % 0 %
B ig s a ge b r u s h  ( A r te m is ia  tr id e n ta ta ) 0 % 0 % 0 % 4 %
T o t a l 6 8 % 5 3 % 4 6 % 5 5 %
F o r b s
M u lle in  ( V e r b a s c u m  th a p s u s ) 2 % 7 % 1 5 .6 % 7 .1 %
A n n u a l s u n f lo w e r  ( H e lia n th u s  a n n u u s ) 4 .2 % 2 % 1 .5 % 0 %
W h it e  s w e e t  c lo v e r  ( M e lilo tu s  a lb u s ) 2 % 1 % 1 .7 % 1 %
D e e r  v e t c h  ( L o tu s  w r ig h tii) 4 % 1 % T 0 %
A s t e r  s p e c ie s  ( A s te r  s p e c ie s ) 1 % 0 % 0 % 0 %
S c a r le t  glo b e m a llo w  ( S p a e r a lc e a  c o c c in e a )  6 % 8 % 1 .6 % 5 %
P u r p le  p r a ir ie  c lo v e r  ( P e ta lo s te m u m  p u r p u r e u m ) T 2 % 6 .9 % 2 .1 %
G o ld e n r o d  s p e c ie s  ( S o lid a g o  s p e c ie s ) 0 % T 0 % 0 %
F r in ge d  s a ge b r u s h  ( A r te m is ia  fr ig id a ) 0 % 3 % 0 % 2 .1 %
F le ab a n e  s p e c ie s  ( E r ig e r o n  s p ec ie s ) 0 % 0 % 0 % 4 .3 %
T a n s y  m u s t a r d  ( D e s cu r a in ia  r ic h a r d s o n ii) 0 % 0 % 0 % 2 %
B la d d e r p o d  s p e c ie s  ( L e s q u e r e lla  s p e c ie s ) 0 % 0 % 0 % 2 .1 %
U n id  F o r b  s p e c ie s 2 .1 % 2 % 1 .4 % T
T o t a l 2 2 % 2 6 % 2 9 % 2 6 %
G r a s s e s
M u t t o n  gr a s s  ( P o a  fe n d le r ia n a ) 2 % 4 % 4 .7 % 3 %
C a n a r y r ee d  gr a s s  ( P h a la r is  a r u n d in a c e a ) 2 % 4 % 0 % 1 .1 %
J u n e  gr a s s  ( K o e la r ia  m a c r a n th a ) 2 % 4 % 2 .2 % 2 %
F e s c u e  s p e c ie s  ( F e s tu c a  s p e c ie s ) T 2 % 4 .5 % 2 %
C a r e x s p e c ie s  ( C a r e x  s p e c ie s ) T 0 % T 0 %
S le n d e r  w h e a t gr a s s  ( A g r o p y r o n  tr a c h y c a u lu m ) T 3 % 5 .7 % 3 %
L o n gs t y le  r u s h  ( J u n c u s  lo n g y s ty lu s ) T 1 % 0 % 1 .4 %
C h e a t  gr a s s  ( B r o m u s  te c to r u m ) T T 0 % T
S m o o t h  b r o m e  ( B r o m u s  in e r m is ) T 1 % 1 .7 % 1 .6 %
B lu e  gr a m a  gr a s s  ( B o u te lo u a  g r a c ilis ) T T T T
O r c h a r d  gr a s s  ( D a c ty lis  g lo m e r a ta ) T 2 % 2 .9 % 3 %
F la t s e d ge  s p e c ie s  ( C y p e r u s  s p ec ie s ) 0 % T 0 % 0 %
L it t le  b lu e s t e m  ( S c h iz a c h y r iu m  s c o p a r iu m ) 0 % T 1 .2 % 0 %
F o xt a il b a r le y  ( H o r d eu m  ju b a tu m ) 0 % 0 % 1 .4 % 0 %
T o t a l 1 0 % 2 1 % 2 5 % 1 9 %
T O T A L 1 0 0 % 1 0 0 % 1 0 0 % 1 0 0 %  
Diets were pooled across animal species and years. 
T = Trace.  
 

Species X Season Effect 

Elk (Within Species Comparisons) 

The diets of elk, when pooled across years, revealed a (P< 0.05) decrease in 

the overall use of browse between summer and fall, no difference in use between fall  
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and winter (P> 0.05), and an increase in browse use between winter and spring, but 

the increase was not significant (P> 0.05) (Tables 4, C2 & C8).  The only seasonal 

difference in browse use by elk was the decline of skunkbush sumac (P< 0.05) 

between summer and fall.  

Summer diets of elk consisted of 61% browse with oak species, mountain 

mahogany, coyote willow (Salix exigua), ponderosa pine, skunkbush sumac, and 

Douglas fir (Pseudotsuga menziesii) contributing greater than 5% of the diet  

(Table 4).  During fall, elk diets consisted of 32% browse and only oak species, 

ponderosa pine, and four-wing saltbush (Atriplex canescens) contributed greater than 

5% of the diet (Table 4).  Winter diets of elk also consisted of 32% browse with 

ponderosa pine, Apache plume, and oak species contributing greater than 5% of the 

diet (Table 4).  Spring diets of elk increased to 53% browse with ponderosa pine, oak 

species, big sagebrush, and Russian olive contributing greater than 5% percent of the 

diet (Table 4).   

No significant differences in the overall seasonal use of forbs were observed in 

the diets of elk (P> 0.05) (Tables 4, C2 & C8).  The only seasonal difference in use of 

forbs by elk was the increase of mullein (P< 0.05) between summer and fall.  Use of 

mullein by elk was highest during winter and this forb species contributed greater than 

5% of the diet during winter, fall, and spring (Table 4).  Scarlet globemallow was the 

only other forb species to contribute greater than 5% of the diet, contributing greater 

than 5% of the diet during fall and spring (Table 4). 
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Table 4. Mean percent contribution of the primary forage species  
comparing animal species and seasons of the year. 

          S ummer              Fall             Winter           S pring
Life form/species Elk M ule Deer Elk M ule Deer Elk M ule Deer Elk M ule Deer
Browse
One-seed Junip er 2.7% T 1.8% 2% T 5.3% 1% 9.5%
Oak sp ecies 12.9% 17.2% 12% 22% 5.7% 7.3% 11.3% 6%
M ountain M ahogany 12% 23% 2.7% 24% 1.8% 12.8% 4.2% 4.7%
Ap ache p lume 1.6% 4.2% 1% 0% 6.7% 6.4% 3% 2.5%
Russian olive 4.3% 15% T 18% 2.8% 3.9% 7.4% 9%
Skunkbush sumac 5.8% 14.2% 0% 4% 1.2% 6.3% 0% 0%
Buckbrush 0% 0% 0% 0% 0% 0% 0% T
Pinon p ine 0% 0% 0% T 0% 0% T 9%
Coy ote willow 9% 0% 0% 0% 0% 0% 0% 0%
Douglas fir 5.4% 0% 0% 0% 0% 0% 0% 4%
Narrowleaf y ucca T 0% T 0% 2.2% 0% 1% 0%
Ponderosa p ine 5.9% T 8% 1% 8% 18.7% 16% 15%
Rubber rabbitbrush 0% 0% 0% 2% 3% 0% 0% 0%
Four-wing saltbush T 0% 6% 5% 0% 0% 0% 0%
Big sagebrush 0% 0% 0% 0% 0% 0% 8% 0%
Total 61% 74% 32% 78% 32% 61% 53% 60%
Forbs
M ullein 3.7% T 11.8% 2% 14.5% 16.8% 7% 7%
Annual sunflower 1.8% 6.7% 3% 1% 2.5% T 0% 0%
White sweet clover 2% 2.7% T 2% 1.6% 1.7% 1% 1%
Deer vetch 3.6% 4.8% 0% 1% T 0% 0% 0%
Aster sp ecies T T 0% 0% 0% 0% 0% 0%
Scarlet  globemallow 3.4% 8.7% 5.9% 10% 3.2% 0% 5.3% 4.7%
Purp le p rairie clover T 0% 2.6% 2% 4.3% 9.5% 0% 4.2%
Goldenrod sp ecies 0% 0% T 0% 0% 0% 0% 0%
Fringed sagebrush 0% 0% 6% T 0% 0% 0% 4.3%
Fleabane sp ecies 0% 0% 0% 0% 0% 0% 1% 7.7%
Tansy  mustard 0% 0% 0% 0% 0% 0% 3.3% 0%
Bladderp od sp ecies 0% 0% 0% 0% 0% 0% 0% 4.2%
Unident. Forb sp ecies 2.9% 2.3% 1% 2% 1.7% 1% 1% 0%
Total 19% 26% 31% 20% 29% 29% 19% 33%
Grasses
M utton grass 4.5% 0% 7% 0% 9.4% 0% 6% 0%
Canary reed grass 5.4% 0% 7% 0% 0% 0% 2.2% 0%
June grass 4.2% 0% 8% 0% 4.3% 0% 3% 0%
Fescue sp ecies 1.2% 0% 4% 0% 9% 0% 4% 0%
Carex sp ecies T 0% 0% 0% T 0% 0% 0%
Slender wheatgrass T 0% 5% 1% 6.2% 5.3% 3% 2.5%
Longsty le rush 1.9% 0% 1% 0% 0% 0% 3% 0%
Cheatgrass T 0% T 0% 0% 0% 1.4% 0%
Smooth brome T T 1.6% T 1.4% 2% 2.1% 1%
Blue grama grass 0% T T 0% T T T 0%
Orchard grass 1.5% 0% 3% 1% 3.8% 2% 3% 3%
Flatsedge sp ecies 0% 0% T 0% 0% 0% 0% 0%
Little bluestem 0% 0% T 0% 2.3% 0% 0% 0%
Foxtail barley 0% 0% 0% 0% 2.7% 0% 0% 0%
Total 20% T 37% 2% 39% 10% 28% 7%
TO TAL 100% 100% 100% 100% 100% 100% 100% 100%

Diets were pooled across years. 
                  T = Trace. 
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 An increase in the overall use of grasses was observed in the diets of elk 

between summer and fall (P< 0.05) (Tables 4, C2 & C8).  No differences in the 

overall use of grasses were observed between fall and winter and winter and spring 

(P> 0.05).  Winter was the season with the highest overall use of grasses, with mutton 

grass, fescue species (Festuca species), and slender wheatgrass contributing greater 

than 5% of the diet (Table 4).  Canaryreed grass (Phalaris arundinacea) was the only 

grass contributing greater than 5% of the summer diets of elk (Table 4).  During fall, 

June grass, mutton grass, canaryreed grass, and slender wheatgrass contributed 5% or 

greater of the diet (Table 4).  Mutton grass was the only grass contributing greater 

than 5% percent of the spring diets of elk (Table 4). 

Mule Deer (Within Species Comparisons) 

 No significant differences were observed in the overall seasonal use of browse 

by mule deer (P> 0.05) (Tables 4, C3 & C9).  Summer and fall were the two seasons 

with the highest overall use of browse.  No differences were observed in the use of 

mountain mahogany, oak species, and Russian olive between summer and fall  

(P> 0.05).  Use of skunkbush sumac decreased between summer and fall (P< 0.05).  

Between fall and winter use of mountain mahogany, oak species, and Russian olive 

also decreased (P< 0.05).  Use of ponderosa pine increased substantially between fall 

and winter (P< 0.05).  While between winter and spring use of skunkbush sumac 

decreased (P< 0.05). 

Fall diets of mule deer consisted of 78% browse with mountain mahogany, 

oak species, Russian olive, and four-wing saltbush contributing 5% or greater of the 
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diet (Table 4).  During summer mule deer diets consisted of 74% browse with 

mountain mahogany, oak species, Russian olive, and skunkbush sumac contributing 

greater than 5% of the diet (Table 4).  Winter diets of mule deer were made up of 

61% browse with ponderosa pine, mountain mahogany, oak species, Apache plume, 

skunkbush sumac, and one-seed juniper contributing greater than 5% of the diet 

(Table 4).  Spring diets of mule deer had 60% browse with ponderosa pine, one-seed 

juniper, Russian olive, piñon pine, and oak species contributing greater than 5% of 

the diet (Table 4). 

 No significant differences in the overall seasonal use of forbs were observed 

in the diets of mule deer (P> 0.05) (Tables 4, C3, & C9).  One seasonal difference in 

the use of forbs by mule deer was the increase of mullein and purple prairie clover 

(P< 0.05) between fall and winter.  Use of scarlet globemallow declined significantly 

between fall and winter (P< 0.05).  Between winter and spring use of mullein and 

purple prairie clover also declined (P< 0.05). 

 No significant differences in the overall seasonal use of grasses were observed 

in the diets of mule deer (P> 0.05) (Tables 4, C3, & C9).  Summer had only a trace of 

grasses, while during winter grasses made up 10% of mule deer diets (Table 4).  

Slender wheatgrass was the only grass species to contribute greater than 5% of mule 

deer diets (Table 4).  
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Elk vs. Mule Deer (Within Season Comparisons) 

Browse 

 Within season comparisons of elk and mule deer diets revealed no significant 

differences in the overall use of browse during summer and spring (P> 0.05) and 

differences in browse use during fall and winter (P< 0.05) (Tables 4, C4, & C10).  

During fall and winter browse use was greater for mule deer than elk.  No differences 

in the summer use of one-seed juniper, oak species, Apache plume, and Russian olive 

(P> 0.05) were observed between elk and mule deer diets.  Summer use of oak 

species, Apache plume, and Russian olive, although not significant, was greater for 

mule deer than elk (Table 4).   

During summer, differences in the use of mountain mahogany, skunkbush 

sumac, and ponderosa pine (P< 0.05) were observed between elk and mule deer diets.  

Use of mountain mahogany and skunkbush sumac was greater for mule deer than elk, 

while elk use of ponderosa pine was greater than mule deer use.  I observed that elk 

use of mountain mahogany and skunkbush sumac was less selective and more 

destructive to the plant.  Elk’s inability to selectively browse led to increased 

consumption of thicker stemmed woody plant parts.  Summer was the season with  

the highest overall use of browse by elk. 

 During fall the overall use of browse by elk was significantly lower than mule 

deer (P< 0.05) (Tables 4, C4 & C10).  No differences in the fall use of one-seed 

juniper, oak species, Apache plume, and ponderosa pine (P> 0.05) were observed 

between elk and mule deer diets.  Fall use of oak species, although not significant,  
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was greater for mule deer than elk, while elk use of ponderosa pine was greater than 

mule deer use (Table 4). Use of mountain mahogany, Russian olive, and skunkbush 

sumac was greater for mule deer than elk during fall (P< 0.05).  Fall was the season 

with the highest overall use of browse by mule deer. 

 During winter the overall use of browse by elk was also significantly lower 

than mule deer (P< 0.05) (Tables 4, C4, & C10).  No differences in the winter use of 

oak species, Apache plume, and Russian olive (P> 0.05) were observed between elk 

and mule deer diets.  A difference in the use of one-seed juniper, mountain 

mahogany, skunkbush sumac, and ponderosa pine (P< 0.05) was observed between 

elk and mule deer diets (Table 4).  Compared to elk, use of one-seed juniper, 

mountain mahogany, skunkbush sumac, and ponderosa pine was greater for mule 

deer during winter (P< 0.05).  Use of ponderosa pine by mule deer was highest during 

the winter season. 

 Overall use of browse by elk and mule deer during spring was not 

significantly different (P> 0.05) (Tables 4, C4 & C10).  Use of skunkbush sumac was 

not recorded in either of the two diets (P> 0.05) and the only difference between diets 

was for the use of one-seed juniper (P< 0.05).  During spring use of one-seed juniper 

was greater for mule deer than elk (Table 4).  No differences were observed in the 

spring use of oak species, mountain mahogany, Apache plume, Russian olive, and 

ponderosa pine (P> 0.05).  Elk use of oak species, although not significant, was 

greater than mule deer use during spring.  Use of mountain mahogany, Apache 

plume, Russian olive, and ponderosa pine during spring revealed near to equal use  
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of these browse species by elk and mule deer (Table 4).  

Forbs 

 Within season comparisons of elk and mule deer diets revealed no significant 

differences in the overall seasonal use of forbs (P> 0.05) (Tables 4, C4 & C10).  No 

differences in the summer use of mullein, annual sunflower, scarlet globemallow,  

and purple prairie clover (P> 0.05) were observed.  Elk use of mullein during fall  

was greater than mule deer use (P< 0.05).  No differences in the fall use of annual 

sunflower, scarlet globemallow, and purple prairie clover (P> 0.05) were observed 

between the diets of elk and mule deer.  During winter no differences were also 

observed in the use of mullein, annual sunflower, and scarlet globemallow (P> 0.05).  

Use of purple prairie clover was greater (P< 0.05) for mule deer during winter (Table 

4).  Use of mullein by both elk and mule deer was highest during the winter season.  

No differences in the spring use of mullein, annual sunflower, scarlet globemallow, 

and purple prairie clover (P> 0.05) were observed between elk and mule deer diets.  

Grasses 

 Within season comparisons of elk and mule deer diets revealed significant 

differences in the overall seasonal use of grasses (P< 0.05) (Tables 4, C4 & C10).  No 

differences in the seasonal use of slender wheatgrass and orchard grass were observed 

(P> 0.05).  Use of grasses by elk was greater (P< 0.05) than mule deer.  

Seasonal Dietary Overlap 
 

Seasonal dietary overlap was highest between elk and mule deer during  

summers 1998 (71.5%) and 1999 (70.2%).  Dietary overlap was lowest during 
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 fall 1998 (51.4%) and spring 1999 (57.1%).  All other seasons of the year had a 

calculated similarity index of greater than 50% (Table 5).  Browse (trees/shrubs)  

and forb species contributed the highest percentages of dietary overlap in elk and 

mule deer diets on LANL during all seasons of the year except for winter 1999.  

Grass species contributed the lowest percentage of dietary overlap in elk and mule 

deer diets. 

Table 5. Percent similarity of elk and mule deer diets comparing  
forage classes within seasons and years. 
Forage Summer Fall Winter Spring 
Classes 1998 1999 1998 1999 1998 1999 1999 2000 
Browse 28.6% 42.9% 19% 26.7% 22.2% 29.2% 23.8% 22.2% 
Forbs 42.9% 27.3% 22.2% 28.6% 22.2% 13.3% 20% 24.2% 
Grasses 0% 0% 10.4% 13.3% 20.5% 20% 13.3% 16.6% 
Total 71.5% 70.2% 51.4% 68.6% 64.9% 62.5% 57.1% 63% 
 

Dietary overlap between elk and mule deer diets on LANL was expected to  

be highest during winter as opposed to summer.  For wild ruminants, such as elk and 

mule deer, winter is generally a period of nutritional deprivation resulting in the 

reduction of quantity and quality of available forage.  Dormant winter plants are less 

digestible and contain less protein than summer forage (Short 1981, Wallmo and 

Regelin 1981), and deep snow may render large portions of forage supplies 

unavailable (Carpenter et al. 1979, Hobbs et al. 1981, Bartmann 1983, Mower and 

Smith 1989, Lindzey et al. 1997).  On LANL, similarity of elk and mule deer diets 

was approximately 65% during winter 1998 and approximately 63% during winter 

1999 (Table 5).  Similarly, Mower and Smith (1989) found an overall diet similarity 

of 71% among common forage species in elk and mule deer winter diets in Utah.  In 
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that study elk and mule deer relied heavily on shrub species because the availability 

of forbs and grasses was reduced as a result of plant dormancy and snow cover. 

At LANL, temperatures for winter 1998 were above normal during the month 

of December, and total monthly snowfall was below normal.  During winter 1999, 

temperatures on LANL were above normal for January, February, and March.  Total 

monthly snowfall during winter 1999 was also below normal.  The lack of snow 

cover during winters 1998 and 1999 had a less profound effect on the availability of 

forbs and grasses.  During winters 1998 and 1999 elk and mule deer on LANL had 

more access to forbs and grasses, which was reflected in their diets and high diet 

similarity, and therefore did not have to rely as heavily on shrub species.  

The plant growing season, or summer, is generally a period of good quality 

forage for ruminants such as elk and mule deer (Short et al. 1977, Wallmo and 

Regelin 1981).  During this season of rapid plant growth and active photosynthesis, 

vegetation is high in protein and low in fiber content (Short 1981, Hanley 1982).  At 

LANL, similarity of elk and mule deer diets was approximately 72% during summer 

1998 and 70% during summer 1999.  These findings are similar to what has been 

previously reported in the literature.  In southern Colorado, Hansen and Reid (1975) 

found that during summer the overall diet similarity of elk and mule deer food habits 

was higher than that of any other season.  In Montana, Mackie (1970) also found that 

the food habits of elk and mule deer were more similar during the growing season and 

less similar at other times of the year.  More recently in south-central New Mexico, 

Tafoya (2000) found that diet similarity of elk and mule deer diets was greatest (81%) 
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during the warm/wet season (July through November).  

Although this study and the study in south-central New Mexico are not 

exactly the same, the results are somewhat similar.  In south-central New Mexico, 

Tafoya (2000) found that during the warm/wet season diets of mule deer consisted of 

53.2% browse, 39.1% forbs, and 7.7% grasses and that elk diets consisted of 48.7% 

browse, 40.8% forbs, and 10.5% grasses.  At LANL during summers 1998 and 1999, 

browse and forbs also contributed the greatest percentages of elk and mule deer diets.  

Another interesting similarity between this study and the study in south-

central New Mexico was that during the peak rainfall month of August on LANL, 

precipitation was below normal for both summers in 1998 and 1999.  During the 

study in south-central New Mexico, Tafoya (2000) reported that only 17.8% of that 

year’s precipitation fell before July 1 and the long- term average of precipitation 

falling before July 1 was approximately 33%.  Mangold (1997) suggested that forage 

availability is dependent upon weather conditions.  Tafoya (2000) concluded that 

below-normal precipitation before the warm/wet season could have had an effect on 

the availability and vigor of forbs and grasses, which in turn may have influenced the 

increased use of browse by elk and mule deer.  A similar effect may have taken place 

on LANL during the summers of 1998 and 1999. 

Plant species and plant parts differ in their proportions of cellular contents and 

plant cell walls.  Cellular contents are generally 98% digestible and found in high 

proportions in the thin cell walls of rapidly growing plant tissues and the leaves and 

new stem production of shrubs and forbs (Short 1981, Hanley 1982).  Plant cell walls 
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are composed primarily of cellulose, which can be digested by rumen microbes;  

hemicellulose that may or may not be digestible; and lignin that is considered 

nondigestible (Smith et al. 1971, 1972).  Mature grasses and woody tissue generally 

have thick cell walls, composed primarily of cellulose in grasses, and relatively high 

in lignin in shrubs (Short 1971, 1981).  Plant cellular contents are the most valuable 

food source for herbivores, but their availability is seasonal and depends on the 

degree of selectivity an herbivore can exercise (Hanley 1982).  Cellulose, which is 

abundant in grasses during all growth stages, is also a potentially high-energy food 

source for herbivores (Smith et al. 1971, 1972). 

 Elk are considered primarily grazers because they have a larger rumen, which 

allows for increased retention time and digestion of high-cellulose diets (Short et al. 

1965, Church and Hines 1978, Short 1978, Hanley 1982, Baker and Hansen 1985, 

Baker and Hobbs 1987).  Mule deer, on the other hand, have a relatively small rumen 

and shorter retention time and are considered less adapted for digestion of grasses 

(Short et al. 1965, Wallmo et al. 1977, Short 1981, Hanley 1982, Baker and Hansen 

1985).  Instead, mule deer are considered primarily browsers because a smaller rumen 

and shorter retention time allows for very rapid digestion of plant cellular contents 

and rapid passage of lignified cell walls (Short et al. 1965, Short 1981, Hanley 1982, 

Baker and Hobbs 1987).  On Bandelier National Monument adjacent to LANL, Potter 

and Berger (1977) found that in ponderosa pine and piñon-juniper habitat type’s 

browse constituted greater than 90% of mule deer diets. 
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Compared to elk, mule deer have smaller mouth parts, which allows this  

species to selectively browse leaves and current annual growth of shrubs and forbs  

(Blair et al. 1977, Short 1977, Short 1981, Hanley 1982).  Hobbs et al. (1983) 

documented that plant parts eaten by mule deer were more digestible and had twice 

the crude protein levels of plant parts eaten by elk.  Elk are capable of thriving on 

relatively lower-quality forage (a predominantly grass diet), while mule deer require 

higher-quality forages (a mixed diet of shrubs and forbs) to meet their metabolic 

needs (Hanley 1982, Bartmann 1983, Lindzey et al. 1997).  Studies show that use of 

grasses by mule deer is heaviest during spring when succulent new growth is 

available (Smith 1952, Kufeld et al. 1973, Carpenter et al. 1979, Hanley 1982). 

 Mule deer requiring higher-quality forage to meet their metabolic needs is the 

most logical reason why shrubs and forbs dominated the seasonal diets of mule deer 

on LANL.  Use of grasses by mule deer on LANL was highest during spring and 

winter.  Spring use of grasses by mule deer was during the period of succulent new 

growth when grasses had thinner cell walls and higher cellular contents, which is 

consistent with studies previously described.  However, use of grasses by mule deer 

during winter at LANL, may have been more so a result of increased availability of 

grasses due to below normal snowfall and above normal temperatures.  On piñon-

juniper mule deer winter range in Colorado, Bartmann (1983) found that on south 

exposures with shallower snow depth, use by mule deer of available forbs and grasses 

increased in November.  Wallmo and Regelin (1981) and Rowland et al. (1983) also 

noted that digestibility of grasses during winter is high compared to shrubs because 
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grasses have lower levels of lignin.  This may have also influenced mule deer use of 

grasses during winter at LANL. 

 Kufeld (1973) and Bubenik (1982) noted that elk are extraordinarily adaptable 

ruminants that can consume mixed diets of grass, forbs, and browse, yet show a  

clear preference for diets dominated by grass and, to a lesser extent, forbs.  Elk are 

considered year-round grazers with slight increases in browse during winter months 

when grasses and forbs become less available and nutritive quality decreases (Hobbs 

et al. 1981, Baker and Hobbs 1987, Nelson and Leege 1982).  In the Jemez 

Mountains of New Mexico, Rowland et al. (1983) found that winter diets of elk 

consisted of approximately 90% grasses.  On montane meadows in Bandelier 

National Monument, Wolters (1993) found that on a seasonal basis elk consumed 

greater proportions of forbs followed by the consumption of grasses and browse. 

Lang (1958) found 77% use of shrubs, 21% grasses, and 2% forbs in the fall 

diets of elk in New Mexico.  In modified piñon-juniper woodlands, Short et al. (1977) 

found that elk diets consisted of 74% trees/shrubs during the fall/winter and 71% 

during the spring/summer.  Hobbs et al. (1983) and Collins and Urness (1983) 

pointed out that mule deer consumed more browse than elk and elk more grass than 

mule deer, but browse consumption by elk increased in winter.  Mower and Smith 

(1989) also observed that wintering elk in Utah relied heavily on shrub species.  

 On LANL, browse dominated the spring/summer diets of elk.  According to 

Nelson and Leege (1982), food habits of elk are extremely variable depending on 

where in the United States they are found and what type of forage is available.  
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Because of below-normal precipitation during our study period, availability of grasses 

and forbs may have been less than in previous years during spring/summer, resulting 

in an increased consumption of browse by elk on LANL.  This conclusion agrees with 

the findings of other food habit studies conducted on elk where drought had an effect 

on forage availability (Short et al. 1977, Mangold 1997, Tafoya 2000).   

 Russian olive is a shrub species introduced from Asia into the United States 

because it formed excellent windbreaks (Carter 1997).  This introduced shrub can 

withstand drought and cold winters, spreads rapidly, and is difficult to control.  

Mullein is another introduced forb species from the Mediterranean region commonly 

found in disturbed areas (Potter and Berger 1977, Foxx and Hoard 1995).  A review 

of the literature found no mention of Russian olive and mullein being important 

forage species in elk and mule deer diets (Lang 1957, 1958, Kufeld 1973, Kufeld et 

al. 1973, Potter and Berger 1977, Short et al. 1977, Wallmo and Regelin 1981, Nelson 

and Leege 1982, Rowland et al. 1983, Wolters 1993, Joseph 1995, Mangold 1997, 

Tafoya 2000).  A competition study on mule deer and burros conducted by Potter and 

Berger (1977) at Bandelier National Monument adjacent to LANL found that slightly 

more than 1% of mule deer diets in spring consisted of mullein and only a trace 

during winter.  

 On LANL both Russian olive and mullein were found in the diets of elk and 

mule deer during each season of the two-year study period.  In the diets of elk, 

Russian olive contributed 5% or greater of elk diets during summer 1999, winter 

1999, and spring 2000 (Tables D1 & D2).  Mullein contributed 5% or greater of elk 



42 

diets during summer 1998, fall 1998 and 1999, winter 1998 and 1999, and spring 

1999 and 2000 (Tables D1 & D2).  Russian olive in the diets of mule deer contributed 

5% or greater of the diet during summer 1998 and 1999, fall 1998 and 1999, and 

spring 2000 (Tables D1 & D2).  Mullein contributed 5% or greater of mule deer diets 

during winter 1998 and 1999 and spring 1999 and 2000  (Tables D1 & D2). 

Geist (1982) noted that elk are opportunistic and will take advantage of locally 

abundant food sources brought about by ecological and climatic factors.  Anthony 

(1976) found that in Arizona during drought conditions mule deer consumed more 

drought-resistant forage plants instead of more highly preferred deciduous species.  

Russian olive’s ability to withstand drought and cold winters may have increased its 

availability and use by elk and mule deer on LANL.  Use of mullein by elk and mule 

deer on LANL may have also been related to the ability of this introduced forb to 

thrive in dryer than normal growing conditions. 

Field observations by the author confirmed that elk and mule deer were 

consuming mature ponderosa pine needles.  This observation was further verified 

upon fecal analysis of elk and mule deer seasonal diets within the study area.  Within 

species comparisons revealed that elk use of ponderosa pine was highest during 

summer and fall, while mule deer use of ponderosa pine was highest during winter.   

Lang (1958) mentioned finding traces of pine species in the stomach contents 

of seven elk killed in the Gila National Forest during December 1952.  In a review of 

the literature of the most frequently cited forages of Rocky Mountain mule deer 

Kufeld et al. (1973) found that ponderosa pine was cited 32 times.  A review of 
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pertinent literature found no mention of ponderosa pine playing an important role in 

the diets of elk and mule deer (Lang 1957, Kufeld 1973, Potter and Berger 1977, 

Short et al. 1977, Wallmo and Regelin 1981, Nelson and Leege 1982, Rowland et al. 

1983, Wolters 1993, Joseph 1995, Mangold 1997, Tafoya 2000).  Increased use of 

ponderosa pine by elk and mule deer on LANL, especially elk use, may have been the 

result of below-normal precipitation and above-normal temperatures during the two-

year study that may have led to poor range conditions and reduced plant productivity. 

Possible Biases Associated with Fecal Analysis 
 
 Estimating botanical composition of the diets of large herbivores such as elk 

and mule deer using fecal analysis may be biased by several factors.  One such factor 

is the differences in digestion rates of various plant species (Anthony and Smith 1974, 

Dearden et al. 1975, Vavra et al. 1978, Holechek et al. 1982).  The rate of digestion  

of a plant species depends on the plant form and the growth stage of the plant 

(Mohammad et al. 1995).  Herbaceous species such as forbs are likely to be digested 

more thoroughly than woody species (Smith 1952).  Because of this, fecal analysis 

may be biased toward tree and shrub species (Anthony and Smith 1974, Wolters 

1993).  Several studies have reported that grasses were often overestimated and forbs 

were underestimated because the resistance of grasses to digestion was greater than 

that of forbs (Havstad and Donart 1978, Vavra et al. 1978, Vavra and Holechek 1980, 

McInnis et al. 1983, Bartolome et al. 1995). 

 Some forage species also may become unidentifiable after passing through the 

digestive tract and therefore may be misrepresented in the diet (Slater and Jones 1971, 
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Smith and Shanduk 1979).  Other species with dense stellate hairs or trichomes may 

be overestimated (Sanders et al. 1980).  Large plant fragments in the feces also may 

cause misrepresentation of a species.  The frequency of the species may be low, but 

because of the size of the fragments, the species may contribute more to the estimate 

than many other plant fragments (Storr 1961).  Species may also be differentially 

fragmented so that the proportion of the plant consumed does not equal the proportion 

of the fragments observed in the feces (Owen 1975, Holechek et al. 1982). 

Observer error and training (Holechek and Gross 1982b, Holechek et al. 1982, 

Alipayo et al. 1992, Bartolome et al. 1995), sample preparation (Vavra and Holechek 

1980, Holechek 1982), calculation procedures for analysis (Holechek and Gross 

1982a), microscope magnification levels (Holechek and Valdez 1985), presence of 

woody material (Holechek and Valdez 1985), and sample size (Anthony and Smith 

1974) are other factors that may cause biases.  Because of these biases, food habits 

results of this and other studies should be interpreted with caution. 

Despite these limitations, fecal analysis has become a widely used technique 

for studying the diets of large herbivores such as elk and mule deer.  This technique 

allows for practically unlimited sampling (Anthony and Smith 1974).  Sampling can 

also be done when animals are being sacrificed and utilization techniques are not 

practical (Johnson and Person 1981).  Fecal analysis involves no interference of the 

normal behavior of animals, it can also be used where several herbivores occupy the 

same range, and it is the only feasible procedure to use for studying rare, endangered, 

or secretive animals (Anthony and Smith 1974, Vavra et al. 1978).  
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MANAGEMENT RECOMMENDATIONS 

Results of this study revealed the high use of browse by elk on LANL.  

Browse dominated the spring/summer diets of elk.  According to Wallmo and Regelin 

(1981), browse is of greatest importance to mule deer during the green-leaf stage,  

or summer.  Cliff (1939) and Nelson (1982) noted that when forage was a limiting 

factor, mule deer could not successfully compete with elk because elk could browse 

higher than mule deer.  Collins and Urness (1983) stated that there was considerable 

potential for exploitative competition between mule deer and elk in favor of elk.  

Lindzey et al. (1997) also pointed out that elk will likely fair relatively better feeding 

on seasonally preferred mule deer foods than mule deer on those foods preferred by 

elk.  Mangold (1997) stated that if the consumption of key forage species by elk is 

detrimental to mule deer populations, then elk populations need to be reduced.   

The results of this study show that the potential for seasonal dietary overlap  

of forage species between elk and mule deer exists and is high during periods of 

drought.  Holechek et al. (1998) noted that if animals using the same range share one  

or more of the same key forage species and have a dietary overlap between 30% to 

70%, grazing by these animals is non-additive.  Howard et al. (1990) conducted a 

common use study on cattle, sheep, and pronghorn (Antilocapra americana) and 

found that dietary overlap between sheep and pronghorn averaged 45%, increasing to 

60% during drought.  During the same study, dietary overlap between cattle and 

sheep was 18%, increased to 30% during drought, and grazing by these animals was 

additive.  On pastures used by cattle and pronghorn, pronghorn survived well during 
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drought.  On pastures used by sheep and pronghorn, sheep depleted forbs during 

drought then shifted their consumption to grasses.  After depletion of forbs by sheep, 

pronghorn perished because they require a high forb and shrub diet throughout the 

year and shrubs were in low supply within that study area.  

Common use of forage species by elk and mule deer in this study is non-

additive because seasonal dietary overlap was between 50% to 70% and elk and  

mule deer shared more than one key forage species.  Depletion of forbs and shrubs  

by elk during drought may result in a reduction of mule deer numbers because, like 

pronghorn, mule deer require a high forb and shrub diet throughout the year due to  

a small digestive system relative to body weight.  Since the 1940s, hunting has not  

been allowed within the boundaries of LANL; therefore, increased hunting pressure 

to reduce elk numbers on adjacent USFS property and pueblo land may be necessary. 

Land changes that will affect elk and mule deer populations in the future have 

occurred on LANL and adjacent USFS property following the Cerro Grande fire of 

2000.  Immediately following the fire, aerial seeding of moderate and high-burn 

severity areas occurred to provide temporary ground cover and decrease the potential 

for erosion.  A seed mix of annual ryegrass (Lolium multiflorum), barley (Hordeum 

vulgare), mountain brome (Bromus marginatus), and slender wheatgrass was used to 

seed approximately 372 hectares on LANL and 5,434 hectares on adjacent USFS 

property (Ecology Group 2001). 

  Existing-high density tree stands and the potential future risks of catastrophic 

wildfires at LANL also led to the thinning of approximately 4,047 hectares of forest 
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surrounding buildings, structures, utilities, and low-severity burn areas (Ecology 

Group 2001).  Ponderosa pine and piñon-juniper woodlands cover most of LANL and 

the majority of thinning has been focused in these two habitat types. 

Re-seeded areas on LANL and adjacent USFS property have the potential of 

providing populations of elk with excellent wintering habitat.  Following the La Mesa 

fire in 1977, White (1981) predicted that use of additional wintering habitat created 

during that fire by elk would lead to future problems with overpopulation of elk herds 

in the area.  Response of elk populations to the most recent re-seeding is yet to be 

determined. 

Thinning efforts on LANL have the potential of enhancing the generation  

of more favorable shrub, forb, and grass species, which will benefit both elk and mule 

deer.  One concern with the thinning of areas surrounding buildings, structures, and 

utilities is the potential of attracting elk and mule deer closer to major road ways.  In 

the future this may lead to increases in elk and mule deer vehicle-related accidents.  

Additional research needs to be conducted to monitor the responses of elk and mule 

deer populations at LANL to these land changes. 
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APPENDIX A: MAPS

Figure A1. Los Alamos National Laboratory. 
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Figure A2. Land Cover Types at Los Alamos National Laboratory (Koch et al. 1997). 
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Figure A3. Pellet plot locations at Los Alamos National Laboratory. 
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